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Abstract

In the present paper, experiments are conducted to investigate the effects of a jet pump cavitation
reactor (JPCR) on the sterilization of e. coli. The basic performance of the JPCR is tested firstly. And
then the sterilization influences of cavitation state and initial bacterial concentration are investigated.
The results show that the cavitation in the JPCR has satisfying effects on e. coli sterilization. With the
decrease of pressure ratio, flow ratio increases and reaches a maximum value, which is so-called limited
operation cavitation stage. In this stage, severe cavitation occurs, which is used to sterilize e. coli in
this paper. Generally speaking, as the treating time increases, sterilization rate increases slowly at first,
and then surges. This hysteresis effect indicates that e. coil shows resistance in a short time with the
explosure to cavitation. The unsteady cavitation oscillating in throat can provide a better sterilization
effect. Moreover, with the decrease of initial bacteria concentration, the sterilization rate increase. Our
work provides a new method of sterilization with great potentiality.
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1. Introduction

Cavitation is a phase transition between liquid and vapor occurring within the liquid inside or at the liquid-solid
interface because of the power in the flow [1]. Cavitation nearly occurs in all kinds of fluid machinery and generates
undesirable effects such as noise, vibration, material damage and performance reductions [2-4]. But in fact, cavitation
is not entirely harmful. The local high temperature, high pressure, microjet, shock wave and the free radicals induced
by the cavitation bubble can build special reaction site [5-7]. This favorable effect can be used in food engineering,
bioengineering, mining industry and sewage treatment [8-10], etc.

There have many studies on cavitation applications. Ultrasonic cavitation is the most commonly used but it has
high energy costs. Hydraulic cavitation has wide application prospect because of simple structure, high efficiency and
good economy. The hydraulic cavitation reactors is various, such as orifice, venture, high pressure homogenizer and
high speed homogenizer. Many studies have been conducted to investigate the application of cavitation reactors.
Jyoti’s [11] experiments shows that the hybrid technique combined hydrodynamic cavitation appears to be an attractive
alternative to a single technique for the reduction in the heterotropic plate count bacteria. Balasundaram [12] carries
out the disruption of e. coli by orifice plate for the purpose of preferentially releasing the intracellular proteins from
organisms. Shivram [13] carries out the seawater disinfection using cavitation produced by vortex diode and have
proved its effectiveness in killing of various types of zooplanktons in the seawater. These researches are satisfying and
promising in sterilization application but further investigate is needed in hydraulic cavitation method. JPCR is a kind
of cavitation reactor combining the feature of orifice and venture. Because of high velocities gradient and severe shear
flows in JPCR, cavitation occurs easily, so it is of high potential in sterilization. However, relative investigations are
rarely reported.

Therefore, experiments are conducted to obtain more understanding of cavitation flow in JPCR and its
sterilization effect in the current paper. The basic performance of JPCRs is tested and the corresponding sterilization
experiments are also conducted to study the influence of the cavitation state and initial bacterial concentration on
sterilization effect.

2. Experiment Setup

2.1 The structures of JPCR

The structure of a typical JPCR is shown in Fig. 1. The main structure parameters are set as follows: inlet pipe
diameter, Dij,=25mm; outlet pipe diameter, Do, =50mm; throat length, Ls=96mm; contraction angle, a=45deg; and
diffuser angle, f=12deg. Since JPCRs with the same area ratio (throat to the nozzle exit area ratio) have similar
performance, three area ratios are obtained by only altering the size of the nozzle but fixing the sizes of the throat and
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the other parts for the convenience of machining. In this paper, the nozzle outlet diameters, D,=8, 10, 12mm are
employed to obtain three area ratios 4.00, 2.56, 1.78.
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Fig. 1 Schematic drawing of JPCR

The basic performance of a JPCR can be characterized by the classical parameter such as area ratio (m), flow
ratio (¢q) and pressure ratio (4). All these dimensionless parameters are defined as follows,
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where A4 represents the cross sectional area, Q represents the flow rate, p represents the density, P represents the total
pressure, p represents the hydrostatic pressure, z represents the elevation, v represents the average velocity of flow,
respectively. Subscript in, th, n, s, out represent inlet fluid, throat inlet, nozzle exit, suction fluid, outlet fluid
respectively.

2.2 Experiment rig and procedure

The experimental rig is illustrated in Fig. 2. The high pressure inlet flow (QOin) supplied by a centrifugal pump
entrains the suction flow (Qs) from the water tank. The high pressure inlet flow and the suction flow mixes in the
nozzle outlet and induces strong shear cavitation, the mixed flow run through the throat. The inlet and mixed flow
rates are controlled by valves and measured by electromagnetic flow meters. Three pressure transducers are installed
in the main water flow inlet, the suction pipe inlet and the diffuser outlet.

Because of high speed gradient and shear flows in throat, the cavitation develops violently and a large number of
cavitation bubbles occurs, which collapse when passing through the diffuser due to high back pressure. In addition,
different cavitation state can be obtained by adjusting the outlet valve 11.
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1-centrifugal pump; 2,6,1 1-valves; 4,10-electromagnetic flowmeter;
3,7,8.9-pressure sensor; 5-JPCR; 12-cooling water tank; 13-water tank
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Fig. 2 Sketch of the experimental rig
The treatment of bacteria solution with different initial bacterial concentration was carried out by JPCRs at
different cavitation state. For all the tested experiments, fixed treating fluid volume of 60L and a circulation time
through the device of 3-4 hours was maintained. In all the treating conditions, the cooling water tank was open to keep
the water temperature constant (20-30°C). Samples were taken at regular intervals and the concentration of bacterium
was measured by plate count method. The disinfection rate (y) was calculated as follow,

y—[l—]]\\fjxloo% 4

0

where Ny, N) represents the concentration of live bacteria before and after treatment.

3. Result and discussion

Before the sterilization experiment, some check experiment was carried out. The results shows that the
concentration of live bacteria didn’t change under no cavitation stage and tested water temperature. So the death of
bacteria is caused by cavitation.

3.1 Basic performance of JPCR

Fig. 3 shows the basic performance of JPCRs. Under different pressure ratios, the cavitation state changes
significantly. With the decrease of pressure ratio (%), flow ratio (q) increases gradually. The maximum g is then the
so-called cavitating flow ratio, g.. The corresponding flow condition is defined as the limited operation stage. Severe
cavitation occurs during this stage with massive cavity clouds completely filling the throat and even expanding into
the diffuser when /4 is very low. The cavitation flow chokes the flow at the throat and the velocity may reach the sound
velocity, so ¢ remains almost constant with further decrease of pou. In current paper, the limited cavitation stages are
used for sterilization. Below the cavitating flow ratio, the 4#-g curves overlap for the same area ratio but different inlet
pressures. Smaller area ratios result in steeper performance curves. However, during the limited operation stage, the
curves separate and become vertical with different g. for different pi, and a smaller area ratio leading to a smaller g,
which means that JPCRs with small area ratio can more easily reach the limiting condition. As the flow ratio decreases
from the maximum, the cavitation weakens and finally disappears.
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Fig. 3 The basic performance of JPCR

3.2 The sterilization effect under different cavitation state

Fig. 4 shows the sterilization effect under different cavitation state in limited cavitation stage. It can be seen that
the sterilization rate gradually increase with increasing treating time. The sterilization rate is lower within the former
30 min. However, the sterilization rate significantly increased at 60 min, and then it slows down and gets close to 100%
at 150 min. It indicated that the cavitation of JPCR has satisfying effect on e. coli, but there exists hysteresis effect. E.
coli cannot be killed immediately unless damage accumulates to a certain degree, at this time the sterilization rate
increases significantly. But the sterilization speed is different in different treatment conditions although the change
rules are consistent. It can be seen that the sterilization rate in stable limited operation cavitation stage (the collapse
position is in the diffuser) is much lower than that in unstable limited operation cavitation stage (the collapse position
is in the throat). With the increase of pressure ratio, the back pressure increases and cavitation area shrinks. The
cavitation clouds switch from stable development to unstable pulsation in throat. As a result, the corresponding

992

202 Idy 61 uo 3senb Aq Jpd 681 U0~ LG8198/612£28E/PA-191dEYI/H000/SHO0]R/WOD JIEUDIBA|IS OpaWSse//:dRy Woly papeojumoq



10th International Symposium on Cavitation - CAV2018 CAV18-05199
Baltimore, Maryland, USA, May 14 - 16, 2018

sterilization rate increase. That is to say, the bactericidal effect is not determined solely by the number of cavitation
bubbles, but also depends on the back pressure and pulsating pressures of the environment. In unstable limited
operation cavitation stage, the cavitation cloud chokes the flow in the throat with greater pressure pulsation than stable

limited operation cavitation stage. And the e. coli was killed quickly under high frequency pulsating pressures.
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Fig. 4 The sterilization effect under different cavitation state (m=1.78, pi,=400kPa)

3.3 The sterilization effect under different initial bacterial concentration

Fig. 5 shows the sterilization effect under different initial bacterial concentration. It can be seen that the change
rule of sterilization rate is the same for different initial bacterial concentration. But with the decrease of initial bacterial
concentration, the sterilization rate increase significantly. The lower the initial bacterial concentration is, the faster the
sterilization speed is. In the lower initial bacterial concentration, the number of bacteria treated with cavitation is less
and the cumulative time of damage is shorter, so the corresponding effects of sterilization rate and treating time is
much greater.
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Fig. 5 The sterilization effect under different initial bacterial concentration (m=2.56, #=0.20).

4. Conclusions

In this paper, the basic performances of JPCRs are investigated and the corresponding sterilization experiments
are also conducted to study the influence of the cavitation state and initial bacterial concentration on sterilization effect.
The main conclusions can be draw as follows,

(1) As pressure ratio decreases, flow ratio reaches a maximum value and cavitation gets severer, the cavitation in
JPCR reaches the limited cavitation stage with massive cavitation bubbles when flow ratio increases to the maximum
value. And the severe cavitation is the applied sterilization conditions;

(2) The cavitation of JPCR has satisfying effect on e. coli, but there exists hysteresis effect. E. coli cannot be
killed immediately unless damage accumulates to a certain degree for long time;

(3) The sterilization effect can be improved by adjusting pressure ratio to make the cavitation state switch from
stable limited cavitation stage to unstable limited cavitation stage. The cavitation effects in the throat is stronger than
that in the diffusor. Moreover, with the increase of concentration of initial bacteria, the sterilization rate decreases.
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